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REGIONAL DIFFERENCES OF CELL SIZES IN THE HUMAN. 
STRATUM CORNEUM 
PART II. EFFECTS OF SEx AND AGE* 
GERD PLEWIG, M.D. 
ABSTRACT 
Diameters and surface areas from the human stratum corneum ·were examined with 
respect to the influence of sex and age. Nine different sites of two infants, two children, 
four adult males, three females and three male aged subjects were measured. 
Distinctive and statistically significant differences were observed. In all areas, 
women have larger cells than men. In all sites, except for the forehead, cell izes increase 
throughout life. Small cells are found in infants and children, la rger cell a re found 
in adults and aged. Cells are of more uniform size in young age aroups than in older 
people. 
In previous work (1) it was shown that in 
Yarious regions of the body of healthy male 
adult , statistically significant variations in cell 
ize occur. Small cells (34.2 p..) were typical 
for the forehead, the largest cells were found 
in the axilla ( 43.6 p..). The purpose of this 
tudy was to determine the relationship of 
~ex and aae to the ize of horny cells. 
MATERIALS A D METHODS 
~in body sites were sampled: scalp. midfore-
hcad . axilla, upper lateral arm. dorsal forearm, 
back of hand, abdomen. (two inches lateral from 
th e umbilicus), mid anterior thigh and heel. The 
~arnpling- and staining techniques "·ere the same 
a , in Part I. The longest and shortest diameters of 
50 randomly picked cell wer measured with a 
filar micrometer eyepiece and the cell surface areas 
calculated as an ellipse. The subj ects were : 
(a ) four men, age 21 to 31 years. Subjects number 
one and two were negroes, three and four were 
cauca 1ans. 
(b) three women. age 24 to 31 ~· ears. Subjects 
number one and three " ·ere negroe . number 
t"·o was caucasian. 
( c) three aged caucasian men, age 65 to 85. 
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(d) two male negro children. age 8 to 11. 
(e) two infant . age 5 and 6 months. Subject one 
was a male negro, ubj ect two was a femal 
negro. 
The data were examined with Student's t-test 
and the analysis of variance (2). In addition the 
estimated ampling standard deviation for all nine 
site with regard to a~e group and sex were deter-
mined with the followin~ formula: 
L (x - £)2 S/~ = =---_;_ 
ni- I 
Xi = th sample mean ( c 11 size) for a particu-
lar patient and site 
8~,2 = ample variance 
S, = standard deviation 
SP = pooled standard d Yiation = within pa-
tient - site standard deviation 
k = ets of data (e.g. nine body sites times four 
adult male ) . 
RESULTS 
(a) Sex. The result are ummarized in 
Table I, where the longe t and shortest cell 
diameter are given in micra. These results 
how that cell in women are larger than tho e 
mmen. 
There are variation from 34.2 p.. (forehead) 
to 43.6 f.L (axilla) for men. These figures com-
pare with 37.2 fL (forehead) to 45.6 fL (abdomen) 
for women. In this tudy, women were found to 
have larger diameter than men in all sites but 
axilla and heel. For the shortest diameters of 
cells, women have, without exception, higher 
values than men. 
ince we were surprised to see this effect of 
sex in regard to cell ize, one site, the scalp, 
was chosen for further studie . Two additional 
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TABLE I 
Longest and shortest diamel rs in micra of horny cells for four men and three women, 50 observations from 
each sampling site 
The standard deviations for each site was 2 J.L to 4 J.L. The average for men and women was calculated 
from among the subje t means. 
I S alp I Forehead I Axilla I Upper armiLower arm l Hand I Abdomen I Thigh I Heel 
Longest Diameter 
Males 36 .2 34.2 43.6 40.4 36.4 35.4 39.8 40.7 39.9 
Femal s 41.0 37.2 43.1 40.8 40.3 39.5 45.6 43.7 39.8 
horteRt Diameter 
Males 30. 27.7 35.5 
F mal s 33.6 30.5 36.2 
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Fro. 1. Longe t diameter in micra for six 
women and i .· m n. The mean from each subject 
(50 ob ervations each) and one standard devia-
tion calculated from among the mean for men and 
women ar iv n. Wh n the means of each subject 
are compar d in a t -t st, women have a ignifi-
cantly lar r diam t r than men (p < .001). 
33.2 29 .6 2 .G 33.0 33.9 25.8 
34.6 33.9 33.6 37.5 37.1 29.4 
negro men and three additional caucasian women 
within the same age groups were included. 
Figure 1 shows the results. The same results 
were seen. The mean longe-t diameter for 
women was 40.0 fL -+- 2.6 and for men 35.3 fL -+-
2.0. This difference is statistically significant 
(p < .001). 
The differences between men and women 
are more obvious when the aYerage surface 
areas of cells are compared (Figure 2). In all 
nine ites studied, women ha,·e larger cell 
urface area than males. There are Yariations 
from 7 46 p..2 to 1222 J-L2 for males and from 
96 fL2 to 1346 JL2 for women. 
Multiple t-tests were done 'Yithin the two 
groups, using the mean surface areas of the 
four men and three women. In seYen out of 
nine sites there was a statistically ignificant 
difference (p < .001); in two sites, axilla and 
upper arm, there were no significant dif-
ference . 
(b) Age. The subjects were men except 
for one female baby. The re-ults are sum-
marized in Table II. Throughout life, cells in-
crea e in size. They are small in infancy, 
medium sized in children; laro-er Yalue are 
found in the adult age group, and the largest 
values occur in old ao-e. For instance, ao-ed sub-
ject numb r three had 49.4 fL for the longest 
diameter of cell in the axilla and 49.2 fL for 
the abdomen. The head reo-ion (forehead) does 
not follow thi o-eneral trend; here, age dif-
ference~ eem to di appear. 
The averaae mean surface areas in square 
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FIG. 2. Surface areas in square micra for females (stippled) and males (ch ckered) for 
nine different body areas. 50 observations from each individual per site . The av rage mean, 
calculated from among the means of four mal sand three females ar given. 
TABLE II 
Longest and shortest diameters in micra of horny cells for four age gmups, 50 observations f rom 
each sampling site 
The standard deviati ons "'·ere small, be t \\·een 2 J.l and 3 Jl. for babies and children and between 2 J.l and 
4 J.l fo r ad ults and aged. All ubj ects were males except for one female baby. The average for all age 
groups was calcul ated fr om among the s ubj ect means. Larg t cells in aged, mallest cell s in babies. 
Infants Chi ldren Adults Aged 
Si tes 
Longest Shortest Longest 
Scalp 36.5 29..± 35 .9 
F orehead 35.0 29 .4 33.6 
Axi ll a 38.9 31.9 40.5 
rpper arm 36.9 30.3 3 .9 
Lower arm 34.8 28.5 37.4 
Hand 32.9 27 .3 32.7 
Abdomen 36 .7 30.2 39.0 
Thigh 35.() 29.6 35. 1 
Heel 31. 7 2-!.9 34.7 
I 
micra for all four age groups are given in 
Fi()'ure 3. It i again evident that the smallest 
cell ~ are found in the younge t age group and 
the lar()'e t cell in the oldest age group. A 
more detailed vie"· i obtained when multi-
ple t-te t within the a()'e group , u ing the 
surface area , are done. Aged male have 
~tati tically si()'nificantly (p < .001) larger 
cell in all nine body ite examined, when 
compared to adult males. Adult males have 
"ignificantly (p < .001 ) larger cells than in-
Shortest Longest hortest Longest Shortest 
29.9 36.2 30 .8 39.4 32.6 
2 .0 34.2 27.7 37. 7 31.2 
33.4 43.6 35 .5 46. 1 38 .1 
33.3 40.4 33.2 44.3 36.3 
32.2 36.4 29 .6 41. 8 35.0 
27.1 35 .4 28.6 38.3 32.7 
33.1 39.8 33.0 46 .0 37. 
29.8 40.7 33.9 45.3 37.5 
25 . 2 39.9 25.8 35.8 I 25.6 
fants, except for the forehead, where no dif-
ference was found. 
.4no.ly is of variance. To determine whether 
there are interactions among sex, age and 
ite , an analysis of variance was done. The 
following conclusion were drawn, using t he ur-
face areas in quare micra fo r t he calculations: 
I) As regards sex, the average areas of all 
cells tLre significantly greater in women than in 
men (p < .05). 
2) As regards age, the increasing cell size 
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F10. 3. Average mean surface areas in square micra of horny cells for four different age 
group (two infants, two male children, four male adults, three male aged). The average 
for ench roup w as calculated from among the means of each subject (50 observation. each). 
TABLE III 
'l'he first figm· are the average mean surface areas 
in ·quaTe 11tic1·a, calC'lt-laled from among lhe means 
of babie and children CT men and women 
Th second figure , wmbined estimate of samp-
ling landard deviations, are a mea ure of the de-
gr e of variation within each sample. Smaller 
mpling tandard deviatiotls in infants and chil-
dren (109) reflect am r uniform cell size as com-
pared to adult (l61) . 
ites 
'calp 
For head 
xilla 
pper arm 
Low r arm 
Hand 
bd m n 
Thigh 
Hl 
Pooled infants 
and d1ildren 
Average 
mean 
urface 
areas 
5 
777 
1031 
952 
70 
707 
955 
29 
654 
C ml> ined 
stima.te of 
ampJing 
sta.nda.rd 
devilt tion 
11.5 
98 
1-!7 
122 
110 
10~ 
10.5 
100 
-! 
Pooled male and 
female adults 
Average 
mean 
surface 
areas 
972 
10 
1229 
1066 
937 
71 
1096 
115 
71 
Combined 
estimate of 
sampling 
standard 
deviation 
1-l 
13 
1 4 
155 
150 
137 
171 
19 
165 
1003 161 
hroughout th lif an was tati tically sig-
nifican (p < .05) . 
3) ~ reo-a.rd he ampling ite , the dif-
f r nc in th a rao-e a rea among the nine 
sites tested within patients ( ex and acre group ) 
are ignificant (p < .001). 
The analysi showed that the above factors 
do not interact. This means it is a consistent 
pattern and not due to random distribution. 
The combined estimate of samplino- stand-
ard deviation (cell surface area ~ in quare 
micra) within a patient's site, specified for site 
and age, are given in Table III. 
A maller am pling standard deviation was 
found consistently in infants and children 
when compared to adults and ao-ed. No dif-
ference could be detected for adult~ (161 1l) 
with little difference for men and women, and 
aged ubjects (164 tJ-2). This means that t he cell 
ize variation for a given site are much mailer 
in infant and children than in adult~ or aged. 
COMMENT 
Two principal finding emerge from thi 
tudy. First, '"omen have larO'er cell than 
men. econd, there i a di tincti,-e consi tent 
aO'e pattern . The ize of individual horny cells 
from the de quamating layer of the ratum 
corneum (3) increase throuo-hout life. The 
malle t cell are found in infants and children, 
followed b adult , and the large~ t cell are 
een in aged people. The difference~ in both 
ob ervation w r tati ticall io-nificant. 
Horn cells are larger, up to 50 f.!, than the 
previou I accepted value of 25 fL to 35 p. 
( 4). peculations to explain reO'ional, ex and 
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age variations of cell sizes are not justifiable at 
thi point. We were unable to discover com-
ments in the literature on the effect of age 
and sex on cell sizes for other tissues of the 
body. It would be interesting to know whether 
the differences described here for the horny 
cells are also obtained for the living cells from 
which they derive. Apparently this issue has 
not been raised. 
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